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ABSTRACT

This report contains the results of quantitative sampling of fish

eggs and larvae off the coasts of California and Baja California during
1955. The eggs and larvae are sampled in quantitative plankton hauls taken

over a grid of stations that usually are occupied at monthly intervals.

Eggs and larvae are reported for the Pacific sardine ( Sardinops
caerulea) . and larvae alone for the northern anchovy ( Enqraulis mordax ).

jack mackerel (Trachurus symmetricus ). Pacific mackerel (Pneumatophorus
dieqo ). hake (Merluccius productus ) and rockfish ( Sebastodes spp.). The
report includes charts showing the distribution and relative abundance in

1955 of each of the above species, except rockfish, and brief descriptive
accounts of each.



SARDINE EGGS AND LARVAE AND
OTHER FISH LARVAE, PACIFIC COAST, 1955

This report, the sixth in a continuing yearly series, contains the

results of quantitative sampling of fish eggs and larvae off the coasts

of California and Baja California during 1955. The species reported upon

are the following: Pacific sardine (Sardinops caerulea ). northern anchovy

( Enqraulis mordax ). jack mackerel (Trachurus symmetricus ). Pacific mackerel

(Pneumatophorus dieqo ). hake (Merluccius productus ). and rockfish (Sebas -

todes spp.). The preceding reports in the series are listed in the bibli-

ography.

The fish eggs and larvae were obtained in quantitative plankton hauls

taken on biological-oceanographic cruises by agencies participating in

the California Cooperative Oceanic Fisheries Investigations, The investi-
gations are sponsored by the California Marine Research Committee and are
carried out cooperatively by the South Pacific Fishery Investigations of
the U. S, Fish and Wildlife Service, the Scripps Institution of Oceanography
of the University of California, the Hopkins Marine Station of Stanford
University, the California Department of Fish and Game, and the California
Academy of Sciences.

As in previous reports, the data are presented in eight tables:
I. Standardized haul factors for plankton hauls taken on regular

survey cruises during 1955
II. Sardine eggs, reported by age
III. Sardine larvae, reported by size
IV. Anchovy larvae, reported by size
V. Jack mackerel larvae, reported by size
VI. Pacific mackerel larvae, reported by size
VII. Hake larvae
VIII. Rockfish larvae.

The eight tables of basic data are designated by Roman numerals. A
number of text tables are also included in this report: these are desig-
nated by Arabic numerals. An innovation in the present report is the in-
clusion of charts showing the distribution and abundance in 1955 of each of
the above categories, except rockfish. Each section is also preceded by a
brief descriptive account.

It is with deep pleasure that we acknowledge the cooperation given by
the Scripps Institution of Oceanography in the collection of data at sea.
Most personnel of the South Pacific Fishery Investigations contributed to
this project, many devoting their full time to it. Robert Counts and Lois
Hunter aided in the identifications, enumerations and measurements; James
Thrailkill supervised the separation of fish eggs and larvae from plankton
collections, and also prepared the charts included in this report.



STATION PLAN

955

STATIONS

o OCCUPIED ON I OR 2 CRUISES

• OCCUPIED ON 3 OR MORE CRUISES

Figure 1. --Station plan, 1955, of the California Cooperative
Oceanic Fisheries Investigations



AREA COVERED

The regular survey cruises of 1955 covered the area between San

Francisco, California, and Cape San Lucas, Baja California (station lines

60-157). A much more extensive coverage was obtained on "Norpac" (cruise

5508), but the results of this cruise are not included in the present

report. The monthly coverage during 1955 is summarized in text table 1.

The stations occupied on regular survey cruises are shown in figure 1. On

cruises 5509 and 5511, an area off southern California was surveyed inten-

sively (table I, supplement). This area was covered four times on cruise
5509, twice on cruise 5511. Only a portion of the collections made during
these two cruises is included in tables II to VIII.

Text table 1.—Coverage during 1955



RECORD OF STANDARDIZED HAUL FACTORS FOR OBLIQUE HAULS

MADE WITH PLANKTON NETS DURING CRUISES 5501-5512, 1955

The number of fish eggs or larvae in a haul is adjusted to the

number under 10 square meters of sea surface. This estimate is a valid

one if the vertical distribution of eggs and larvae has been encompassed.

For all species included in this report, except hake larvae, this require-

ment has been met. Routine plankton hauls average between 130 and 140

meters deep. From vertical distribution studies, we have established that

larvae (and eggs) of the sardine, anchovy, jack mackerel. Pacific mackerel

and rockfish seldom occur as deep as 100 meters, hence the layer sampled

in taking a plankton haul is ordinarily at least 30 or 40 meters deeper

than the depth distribution of the larvae. About 10% of hake larvae taken

in special vertical distribution studies was taken below 140 meters; there-

fore, the abundance of hake larvae is probably underestimated by this

amount.

A standardized haul factor is given for all plankton hauls taken on

routine cruises during 1955 (except "Norpac"). Additional information on

these hauls, including position, date and time of collection, volume of

water strained, and depth of haul in meters, has been given in 'Zooplank-

ton volumes off the Pacific coast, 1955" (Special Scientific Report -

Fisheries No. 177).

A dash (-) in table I indicates that the station was not occupied on

the cruise under which it appears; N.Q. - haul not quantitative; N.S. -

station occupied, but sample either not obtained or subsequently spoiled,
broken, or lost; S.T. - only surface tow taken.

A measure of the volume of water strained during each haul was de-

rived from current meter readings. An Atlas-type current meter was fas-

tened in the center of the mouth of each net. The meters were calibrated
before and after each cruise on which they were used.

Plankton nets used during 1955 were either constructed of No. 30xxx
grit gauze, a heavy grade of silk bolting cloth, or No. 471 "Nitex", a

nylon monofilament screen cloth. The mesh openings in the Nitex cloth
measure approximately 471 microns. This cloth has been subjected to a

thermosetting operation which imparts a permanent crimp to the fabric,
giving it good stability. The mesh openings in the nets constructed of
grit gauze are slightly larger than in the nets constructed of Nitex, how-
ever the grit gauze shrinks on use to approximately 0.55 mm. between threads,
while the mesh openings in Nitex tend to enlarge slightly. Nets construc-
ted of silk grit gauze are more easily cleaned and clog less than nylon
nets, but they have a considerably shorter life.
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Record of Standardized Haul Factors for Oblique Hauls

made with Plankton Nets during Cruises 5501-5512, 1955
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Record of Standardired Haul Factors for Oblique Hauls

made with Ilankton Nets during Cruises 5501-5512, 1955

Cruise and Month
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Record of Standardized Haul Factors for Oblique Hauls
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Cruise and Month



Table I (Cont'd)
Record of Standardized Haul Factors for Oblique Hauls
made with Flankton Nets during Cruises 5501-5512, 1955

Cruise and Month



Table I (Cont'd)

Record of Standardi7ed Haul Factors for Oblique Hauls

made with 1 lankton Nets during Cruises 5501-5512, 1955



Table I (Cont'd)

Record of Standardized Haul Factors for Oblique Hauls

made with Plankton Mets during Cruises 5501-5512, 1955

Cruise and Hionth



Table I (Supplement)
Record of Standardized Haul Factors for Oblique Hauls
made with Plankton Nets during Cruises 5501-5512, 1955

I-a: Coverage made for





RECORD OF SARDINE EGGS, 1955

The distribution and relative abundance of sardine eggs in 1955 are

shown in figure 2. This chart is comparable to the distributions for 1950

and 1951 in Ahlstrom (1954, figs. 7 and 8). Five categories of abundance

are used: zero spawning; light spawning, 1-30 eggs; moderate spawning,

31-300 eggs; moderately heavy spawning, 301-3000 eggs; and heavy spawning,

over 3000 eggs. The value plotted for each station is the cumulative

standard haul total for the year.

A record of all hauls containing sardine eggs in 1955 is given in

table II. The eggs are grouped under two headings: "Number of normal eggs"

and 'Total number of eggs". The total number includes both normally develo-

ping sardine eggs, and eggs classified as abnormal. Abnormal eggs have

embryos that are stunted and misshapen; it is not known whether this is

due to a diseased condition of the eggs or to mechanical injury during col-

lection and preservation.

Age categories of eggs are designated by the letters A through D, as

follows:
A - Eggs spawned within 24 hours of collection
B - Eggs spawned within 24.1 to 48 hours of collection
C - Eggs spawned within 48.1 to 72 hours of collection
D - Eggs spawned within 72.1 to 96 hours of collection
Unclassified eggs (Unci.) includes deteriorating eggs that cannot

be classified with certainty.

The occurrence and abundance of sardine eggs are summarized by month
and area in text table 2. No sardine eggs were obtained off central Cali-
fornia (station lines 60-77), consequently this area is omitted from the
table.

The distribution of sardine spawning has changed quite markedly dur-
ing the time period covered by the surveys (1950 to date). In 1950 and
1951, spawning was separable into two centers: a northern center off
southern California and northern Baja California (lines 80-107), and a

southern center off central Baja California (lines 110-137). In recent
years the two centers are less well defined, and it may be misleading to
continue to use these designations, except as a convenient method of sub-
dividing the spawning area into an upper and a lower "half". In 1955,
there was approximately as much spawning in the upper center as in the
lower. There was also considerable spawning in the upper center in 1954.
As there was practically no spawning in this center in 1952 and 1953,
there must have been a marked shift in the spawning population between
1953 and 1954.

13
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Record of Sardine Eggs, 1955
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Table II (Cont'd)

Record of Sardine Eggs, 1955



Table II (Cont'd)

Record of Sardine Eggs, 1955

Station
Number of Normal Eggs

A BCD Total Number of Eggs
B D Unci.

Cruise 5506 (cont'd):

90.65
93.27

.35

.40

.70

97.30
.35
.40
.45

.50

.55
100.45
103.30
107.35
117.26
120.25

.40

.45

133.30

Total

12

25

1283

Cruise 5507:
87.35
90.28
103.30
117.26
120.25

.30

.35

123.50
130.35

.40

Total

14

4

2

65

18

58

3

4

91

2

3

10

625
72

53
48

287

17

5

6

4

6

104

164

1546 1250 1348

13

14

5

289
5

300
13

26
137

24

6

346
103

14

18

37

55

2

1544

2

369
72

98

3

33
136

6

4

3

13

836
119

143
161

348

51

3

5

12

24

6

122

513
5

14

24

45 2083 2086 2150 84

5

30

8

16

22
5

4

341

5

3
437
13

35
214

24
6

449
103



Table II (Cont'd)

Record of Sardine Eggs, 1955



RECORD OF SARDINE LARVAE, 1955

The distribution and relative abundance of sardine larvae in 1955 are

shown in figure 3 (cf. Ahlstrom 1954, figs. 7 and 8). Five categories of

abundance are used: - no larvae taken; light concentration, 1-6 larvae;

moderate concentration, 7-60 larvae; moderately heavy concentration, 61-

600 larvae; heavy concentration, over 600 larvae. The value for each sta-

tion is the cumulative standard haul total for the year.

Sardine larvae are recorded by size classes in table III.

classes have the following midpoints and ranges:
The size

Midpoint
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RECORD OF ANCHOVY LARVAE, 1955

The distribution and relative abundance of anchovy larvae are shown in

figure 4. Six categories of abundance are used. Four categories - zero,

light, moderate, and moderately heavy concentrations of larvae - parallel

the usage for sardine larvae; the other two categories are heavy concen-

trations, 601-6000 larvae, and very heavy, over 6000 larvae. The value for

each station is the cumulative standard haul total for the year.

Anchovy larvae are recorded by size classes in table IV. The size
classes have the same midpoints and ranges as sardine larvae, except that

the first category defined for sardine larvae (3.00 mm.) is divided into

two size classes, with the following midpoints and ranges: 2.50 mm. (1.76-

3.25 mm.) and 3.75 mm. (3.26-4.25 mm.).

Anchovy larvae were taken at 616 stations of the 1375 occupied during
1955. The occurrences and abundance of anchovy larvae are summarized by
month and area in text table 4. The comparative abundance of anchovy and
other fish larvae is summarized in text table 5. Anchovy larvae were taken
in more hauls than any kind except rockfish larvae, and they were more
abundant than the combined totals of the other species dealt with in this
paper. This is shown in the following summary:

Larvae Total occurrences Standard haul totals Percent of total

Anchovy
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RECORD OF THE LARVAE OF THE JACK MACKEREL

(TRACHURUS SYMMETRIES ). 1955

The distribution and relative abundance of jack mackerel larvae are

shown in figure 5. The categories of abundance are identical to those al-

ready described for sardine larvae; individual station values represent the

cumulative standard haul total for the year.

The larvae are recorded by size classes in table V. They have the

following midpoints and ranges:

Midpoint
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RECORD OF THE LARVAE OF THE PACIFIC MACKEREL

(PNEUMATOPHORUS DIEGO ). 1955

The distribution and abundance of Pacific mackerel larvae in 1955 are

shown in figure 6. The categories of abundance are identical to those

already described for other species; individual station values represent

the cumulative standard haul total for the year.

The larvae are reported by size class in table VI. The size classes

have the same midpoints and ranges as those given for the jack mackerel.

The data are further summarized in text table 8.

Pacific mackerel larvae are much less abundant than those of the other

fishes included in this report. They make up only slightly more than one-

half percent of the larvae collected in 1955; they were obtained in 92

collections. The larvae were taken in all areas south of Point Conception.

The largest number was obtained off upper central Baja California (lines

110-120); they were collected from March through July in this region.

Off southern California, Pacific mackerel larvae were collected in June

and July; there were only seven occurrences in this region. The coverage

off southern Baja California was too fragmentary to delimit the seasonal

distribution in this area.

The lack of Pacific mackerel larvae during the last five months of

the year must partly reflect the sparse coverage during these months in

1955. Certainly, larger numbers were taken during these months in previous

years, as can be seen by comparing the monthly totals for 1955 with those

of the four previous years (text table 7).

Text table 7.—Monthly abundance of Pacific mackerel larvae,

1951-1955. (standard haul totals)

1951 1952 1953 1954 1955

January
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RECORD OF THE LARVAE OF HAKE (MERLUCCIUS PRODUCTUS ). 1955

The larvae of the hake have not been routinely measured, hence table

VII contains only the standard haul total of hake larvae at stations occu-

pied during 1955. The data are further summarized in text table 10, and

illustrated in figure 7.

No hake larvae were obtained off central California in 1955, but

inasmuch as no cruises were made in this area during January through April,

the failure to collect hake larvae probably reflects the inadequate cover-

age in this area rather than their actual absence from the area. Hake

larvae were obtained off central California in all previous surveys (1949

through 1954).

The greatest abundance occurred off upper central Baja California

(lines 110-120) in 1955. The center of abundance is further south than in

1951 or 1952. In 1951, the largest concentration of larvae occurred off

southern California, and in 1952 off northern Baja California.

This species ranked second in abundance in 1955, constituting one

larva out of every six collected. Although hake larvae were taken through-

out the year, over 99% of them were obtained during the first four months

of 1955. This is the usual period of abundance. A similar seasonal dis-

tribution was reported by Ahlstrom and Counts (1955) for 1951 and 1952;

98.6% of hake larvae were obtained during these months in 1951, and 99.5%

in 1952. However, in both 1951 and 1952, the month of peak abundance of

larvae was March, while it was February in 1953 and 1955, and January in

1954. The monthly abundance of hake larvae in 1951 through 1955 is sum-

marized in text table 9.

Text table 9.—Monthly abundance of hake larvae, 1951-1955
(standard haul totals)

1951 1952 1953 1954 1955

January 222 784 9,206 20,764 13,356

February 6,751 17,224 19,116 10,352 28,973
March 41,548 24,081 8,045 17,592 12,535
April 13,411 15,020 1,544 6,100 4,757
May 584 466 753 954 176

June 174 108 159 127 19

July 17 3 19 17 3

August 2 5 17 24

September 14 19 - 3

October 10 9 41 25 28

November 17 39 - 5

December 64 - 295 324 235

Total 62,814 57,700 39,253 56,279 60,090
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Figure 7.—Hake larvae, 1955: distribution and relative abundance
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Table VII

Record of the Larvae of Hake (Merlnccius prodnctus ). 1955

Cruise and Month
\J_ ?/

5501 5502 i 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512
Jan. Feb. Mar. Apr. May Jane July Aug. Sept. Oct. Nov. Dec.

- N S S
- -OP P
- -RE E -
- - -pc c -
- - A I I -

C A A -
- L L -

60.55



Table VII (Cont'd)

Record of the Larvae of Hake (Merluccius productus ). 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

83.65 — — — — — — — — — —

.70 ---27 3 -----

.75 ----- ------

.80 — — — — — — — — — —

.85 — — — — — — — — — — —.90--- - ------
87.35 100 31 6 -3 5 2

.40 26 32 32 - 2

.45

.50 29 390 3

. 55 — — — — — — —

.60 61 61-27.65----- - ....70--- - -----

.80--- - ------

.85 ----- N.Q. ------
90.28 5 2 S.T.

.30 9 50 3 - 2

.37 25 576 10 6

.45 82 162 26 3

.50 433 N.Q. 6 - - -

. 55 — — — — —

.60 27 162 12 14 -

. 65 — — — — — — — — —

.70 14 388 23 181 3 - -.75----

.80 - - 31 17 - -

.85 — — — — — — — — — —

.90 --9 - -- - -
93.27 62 7 5 3 - -

.30 34 19 23 5 6 - -

. 35 — — — — — — — — —

.40 298 93 48 4.45---- 6 -----

.50 206 251 -

.60 - - 24 3 3 - - - -

.65 - - - - N# q. - - - - -

.70 - - 79 -----.75---- -----
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Table VII (Cont'd)
Record of the Larvae of Hake (Merlnccius productus ). 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

93.80



Table VII (Cont'd)
Record of the Larvae of Hake (Merluccius orodoctus ). 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan. Feb. Mar. Apr. May June July Ano. Sept. Oct. Nov. Dec.

103.75



Table VII (Cont'd)

Record of the Larvae of Hake (Merluccius productus ). 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta
t Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

- 10 15
- 51

117.26



Table VII (Cont'd)

Record of the Larvae of Hake (Merluccius productus ). 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

130.40 8 241 67 11 12 - -

.50 48 24 7 -.55--- .__._---

.60 2 -

133.25 N.Q. 16 12 - -

.30 8 114 -

.40 7 453 126 12 N.Q. 3 -

.50 - - 96 _____.60-- _________
137.23 31 - - 3

.30 46 65 35 8 7 3--

.40 9 8 6 -

.50 _ _ 50 _____.60-- 19 ---------
140.30 319 602 ________

.35 6848 170 18 ------- -

.40 7 16 14 --------.50-- 3____----_
143.26 1455 572 --------

.30 33 1226 25 --------3

.35 6 27 30 - - -.40-- 2--'- ------.50-- -_--__-__
147.20 129 33 33 -

.25 460 308 62 -

.30 19 47 _______ _.40-- _________
150.19 13 170 ------- -

.25 26 7 ------- -

.30 18 15 ------- -.40-- ___
153.16 2---

.20 4---------

.30 N.Q. --.40-- _________
157.10 ---_-____

.20 _________

.30 3__

.40 - - --_-_____
Total 13356 28973 12535 4757 176 19 3 - 3 28 5 235
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RECORD OF THE LARVAE OF ROCKFISH (SEBASTODES SPP.), 1955

All of the preceding tabulations have dealt with individual species,

but a number of species of Sebastodes are grouped together in the tabula-

tions of rockfish larvae (table VIII). Rockfish larvae can be identified

to genus without difficulty, but no attempt has been made to determine the

species composition. There are over 50 species of Sebastodes . most of

which occur in the area being studied.

Rockfish are temperate water species, decreasing in abundance along
the coast of Baja California. The percent occurrence of larvae is higher
off California than off Baja California. The percent occurrence decreases
markedly between lower central Baja California and southern Baja California.
The average number of larvae taken per haul is also higher off California
than Baja California. These data are summarized in the following tabulation:
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Table VIII

Record of the Larvae of Rockfish (Sebastodes spp.), 1955

Cruise and Month



Table VIII (Cont'd)
Record of the Larvae of Rockfish (Sebastodes spp.) ( 1955

Cruise and Month



Table VIII (Cont'd)
Record of the Larvae of Rockfish (Sebastodes spp.), 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan. Feb . Mar. Apr. May June July Ana. Sept. Oct. Nov. Dec.

93.80



Table VIII (Cont'd)

Record of the Larvae of Rockfish (Sebastodes spp.), 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan. Feb. Bar. Apr. May June July Ahq. Sept. Oct. Wot. Dec.

103.75



Table VIII (Cont'd)
Record of the Larvae of Rockfish (Sebastodes spp.), 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

£ta. Jan. Feb. Mar. Apr. May Jnne JbIt Aug. Sept. Oct. Nov. Dec.

. 6

7 3

117.26



Table VIII (Cont'd)
Record of the Larvae of Rockfish (Sebastodes spp.), 1955

Cruise and Month
5501 5502 5503 5504 5505 5506 5507 5508 5509 5510 5511 5512

Sta. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

17 25 3 -

6

3
N.Q. 10

130.40
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